The serotonergic (5-hydroxytryptamine, 5-HT) system has been implicated in body weight regulation and in the etiology of anorexia nervosa (AN). Here we describe the screening of the known Phe-124-Cys polymorphism in the 5-HT 1Db receptor gene and of the known Pro-279-Leu polymorphism in the 5-HT 7 receptor gene. For association tests allele frequencies were compared between up to 393 extremely obese children and adolescents, 142 underweight students and 84 patients with AN. None of the association tests revealed nominal P-values below 0.3. We conclude that a major role of the investigated polymorphisms in body weight regulation or AN appears unlikely.
Introduction
Psychobiological research is currently interested in the extent to which dysregulation of the serotonergic pathways in the central nervous system may contribute to the etiology of obesity and AN. Animal models and clinical studies have demonstrated an involvement of the neurotransmitter serotonin in the regulation of food intake (for reviews see 1, 2 ). Carbohydrate craving is presumed to be involved in the development of obesity in subjects with mood disturbances, which result from low central serotonin levels. Accordingly, prone individuals strive to reduce their`brain serotonin hunger' by consuming large quantities of carbohydrates in order to enhance the uptake of the serotonin precursor tryptophan across the blood-brain barrier. 2, 3 For long-term weight-restored anorectic subjects elevated concentrations of 5-hydroxyindolacetic acid, the major 5-HT metabolite, were detected in cerebrospinal¯uid. This might indicate an increased 5-HT activity. Such activity might contribute to pathological feeding behaviour. 4 Recently, we started to investigate the role of all known polymorphisms in genes of the serotonergic system in extremely obese children and adolescents, healthy underweight subjects and patients with AN. 5 ± 7 Most of the polymorphisms analysed had a potentially functional relevance either due to amino acid substitutions (5-HT 2A receptor gene: Thr-25-Asn, His-452-Tyr and 5-HT 2C receptor gene: Ser-23-Cys), or due to altered gene expressions (5-HT transporter gene: 44 bp deletion between position 71265 and 71221 in the promoter). None of the applied association andaor transmission disequilibrium tests 8 (TDT) showed a signi®cant P-value.
Two further polymorphisms in 5-HT receptor genes have been described with possible functional implications. (1) A single missense polymorphism in the 5-HT 1Db receptor gene leads to an amino acid substitution (Phe-124-Cys 9 ). The substitution is located within the third transmembrane domain close to the proposed junction of the third transmembrane domain and the ®rst extracellular loop. Theoretically, the 124-Cys allele might result in the formation of a disulphide bond and thereby lead to perturbation of the receptor structure. 9 (2) A missense polymorphism in the human 5-HT 7 receptor gene that leads to an amino acid substitution (Pro-279-Leu) was previously described. 10 The highest concentration of 5-HT 7 receptor mRNA is found in hypothalamus, hippocampus, thalamus and other limbic areas of the rat. 11 The hypothalamus is a region classically implicated in the central regulation of feeding behaviour and energy homeostasis. 12,13
Methods

Study groups
Study groups and sample preparations have been described previously. 6, 7 Brie¯y, blood samples were collected of up to 393 children and adolescents with extreme obesity (mean body mass index (BMI): 32.9 AE 6.3 kgam 2 ; mean age: 13.9AE 2.5 y), 142 underweight students (mean BMI: 18.4 AE 1.1 kgam 2 ; mean age: 25.5 AE 3.9 y) and 84 mostly adolescent or young adult patients with acute AN (DSM IV criteria; 14 mean BMI 14.7AE 1.8 kgam 2 ; mean age: 16.8 AE 3.6 y). 98% of the obese children and adolescents had an age and gender speci®c BMI percentile ! 95 as previously determined in a representative German sample. 15 Underweight students with a lifetime occurrence of AN, as assessed by use of the DSM-IV version (kindly provided by Professor Wittchen, Munich) of the section for eating disorders of the Composite International Diagnostic Interview, 16 were excluded from the analysis. All underweight students were additionally screened for medical disorders using a semi-structured interview. Individuals with major medical disorders were excluded from the analysis. 70% of the mostly young AN patients had the restricting type. Written informed consent was given by all participants or, in case of minors, their parents. The study was approved by the Ethics Committee of the University of Marburg.
Molecular genetic analysis
Polymerase chain reaction with restriction fragment length polymorphism (PCR-RFLP) analyses were performed essentially as described for the 5-HT 1Db receptor gene 9 and the 5-HT 7 receptor gene. 10 Fragment sizes were determined by comparison to molecular length standards.
Statistics
The exact two-sided Fisher's test was used to investigate association.
Results
We found no differences in allele frequencies between the three study groups for the alleles of the 5-HT 1Db and the 5-HT 7 receptor genes ( Table 1 ). All nominal P-values were b 0.3 (two-sided Fisher's exact test).
Discussion
The serotonergic system is implicated in weight regulation and in the etiology of AN. Upon completion of this study we now have analysed all known polymorphisms in 5-HT receptor genes and the 5-HT transporter (HTT) gene. 5 ± 7 (i) 5-HTT: The magnitude and duration of postsynaptic responses to 5-HT is directed by the transport into and release from the presynaptic neuron. A common polymorphism of a repetitive element in the region of the serotonin Transporter (5-HTT) Gene-Linked Polymorphic Region (5-HTTLPR) with two common alleles was identi®ed. The in vitro activity of the 5-HTT is dependent on the respective genotype. 17 However, we found no evidence for association or transmission disequilibrium of an allele of the 5-HTTLPR to extreme obesity, underweight or AN. 7 (ii) 5-HT 1Db : No Èthen et al 9 described a single missense polymorphism in the 5-HT 1Db receptor gene, that leads to an amino acid substitution (Phe-124-Cys; frequency of the 124-Cys allele approximately 0.01 9 ) that could theoretically lead to perturbation of the receptor structure. 9 Our tests for association of alleles of the 5-HT 1Db receptor gene polymorphism in study groups with obesity, underweight and AN rendered P-values below 0.5 (Table 1) . (iii) 5-HT 2A : Recently, three groups 18 ± 20 reported an association between a 5-HT 2A receptor gene promoter polymorphism allele and AN, a ®nding that could not be replicated in our 5 and another study group. 21 Additionally, we did not ®nd association or transmission disequilibrium of this allele and alleles of two intragenic polymorphisms (Thr-25-Asn; His-452-Tyr 22 ) to obesity, underweight or AN. 5 (iv) 5-HT 2C : Knockout mice for the X-chromosomal 5-HT 2C receptor have a signi®cantly elevated (13%) body weight compared with wild-type siblings. 23 Evidence is accumulating that this receptor is also involved in weight regulation in Table 1 Allele frequencies of the Phe-124-Cys polymorphism of the 5-HT 1Db receptor gene and the Pro-279-Leu polymorphism of the 5-HT 7 receptor gene in extremely obese children and adolescents, healthy underweight students and patients with anorexia nervosa Number of probands analysed were as follows: 5-HT 1Db receptor: 230 extremely obese children and adolescents, 133 underweight students and 84 patients with anorexia nervosa. 5-HT 7 receptor: 393 extremely obese children and adolescents, 142 underweight students, 84 patients with anorexia nervosa. Genotype-frequencies were not different from Hardy-Weinberg equilibrium.
Serotonergic system in weight regulation and anorexia nervosa A Hinney et al humans. 24 ± 27 Lappalainen et al 28 described a missense polymorphism in the 5-HT 2C receptor gene that leads to an amino acid substitution (Cys-23-Ser; frequency of the 23-Ser allele 0.13 28 ). Recently, we reported that this common polymorphism in the human 5-HT 2C receptor gene was not involved in obesity and underweight. 6 In addition, patients with AN show a similar frequency of the 23-Ser allele upon comparison with the obese and lean probands (data not shown). . In the present study we did not detect association of the 279-Leu allele to obesity, underweight and AN.
Conclusion
We did not ®nd evidence for association or transmission disequilibrium of any of the analysed alleles of the 5-HTTLPR and the HT 1Db , 5-HT 2A , 5-HT 2C and 5-HT 7 receptor genes in study groups with obesity, underweight and AN in this and in our previous studies.
5 ± 7 In the light of the negative results obtained we consider the allele frequencies between the two weight extremes (underweight and obesity) as suf®-cient for an exclusion of a major role of the genes under study in normal weight regulation. The presence of AN or an eating disorder was excluded for the underweight individuals, hence allele frequencies of both groups can be used for comparisons with patients with anorexia nervosa.
These results suggest that any role played by these investigated polymorphisms is at best minor for the susceptibility to obesity, underweight or AN in our study groups. Up to 137 individuals had originally been screened for mutations in the respective genes. 9,10 As we did not screen for mutations in the aforementioned genes, we cannot exclude the existence of a rare relevant mutation that could be involved in weight regulation or AN, respectively. Therefore we assume that genetic variation of genes of the serotonergic system does not explain a larger proportion of the variance observed for the quantitative phenotype body weight.
